Background: Emerging evidence has shown that microRNAs (miRNAs) participate in human carcinogenesis as tumor suppressors or oncogenes. Single nucleotide polymorphism (SNP) located in the miRNAs may influence the function of mature miRNAs and then affect the processing of carcinogenesis. It has been suggested that two common SNPs rs2910164 in miR-146a and rs3746444 in miR-499 are associated with susceptibility to hepatocellular carcinoma (HCC). However, published results are inconsistent and inconclusive. To acquire a more precise effect of the association between these polymorphisms and HCC risk, we performed this meta-analysis.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide [1] . Epidemiological evidence suggests that the major risk factor for HCC is chronic hepatitis B virus (HBV) and/or hepatitis C virus (HCV) infection [2] . HCC is prevalent in Middle and Western Africa and in East and Southeast Asia, especially in China where almost half of the cases and deaths occurred owing to high prevalence of infections [3] . Although HBV and HCV infections are the major causes of HCC, only a fraction of infected patients develop HCC during their lifetime, which suggests that the etiology of HCC is still not yet clarified [4] . Current studies indicated genetic factors could also contribute to the etiology of HCC [5, 6] .
MicroRNAs (miRNAs) are small non-coding, single-stranded RNA molecules with typical length of 22 nucleotides. MiRNAs are involved in a wide range of physiologic and pathologic processes, including cell differentiation, proliferation, apoptosis and carcinogenesis [7] , as miRNAs are involved in posttranscriptional gene expression by base pairing with target mRNAs of protein-coding genes, which can result in the destabilization and reduction in the mRNA concentration by accelerating poly (A) tail removal [7, 8] .
It is reported that there is association between SNP of rs291016 in miRNA-146a and the susceptibility to HCC [9] , however, other studies reported the opposite results [10, 11, 12, 13, 14] . Similarly, the conclusions of investigations about rs3746444 SNP in miRNA-499 are controversial [10, 11, 12, 15] .
Since a single study with a small sample size may not be enough to detect accurate effects of these SNPs on HCC, we performed this meta-analysis to derive more comprehensive and precise estimation of the associations between the SNPs miR-146a rs2910164 and miR-499 rs11614913 and susceptibility to HCC.
Methods

Searching
We carried out a publication search in PubMed, Cochrane Central Register of Controlled Trials, ScienceDirect, and Chinese National Knowledge Infrastructure (CNKI) databases with the following search terms: (''miR-146a'' OR ''miR-499'' OR ''rs2910164'' OR ''rs3746444'') AND (''hepatocellular carcinoma'' OR ''liver cancer'' OR ''HCC'') AND (''SNP'' OR ''mutation'' OR ''variation'' OR ''polymorphism'')by two independent investigators (Miao Hu and Lianying Zhao, last search update: Sep 10th, 2012). Publication country and publication language were not restricted in our search. We examined reference lists manually to further identify potentially relevant studies, and contacted the corresponding authors of conference abstracts without sufficient data to get additional information by e-mail. If the author had refused to provide the data required in this metaanalysis or we had acquired no reply, the item would be excluded. All the items matching the inclusion criteria were retrieved for further examination and data extraction. Investigators include experts in hepatobiliary, surgery, biologists, epidemiologist and qualified graduate researchers. All of the investigators have received training in literature search, statistics and evidence-based medicine.
Selection
We set the following criteria for studies recruited in our metaanalysis: (a) evaluated the associations between the SNPs miR146a rs2910164 and/or miR-499 rs3746444 and susceptibility to HCC, (b) studied on human beings, (c)study designed as casecontrol, (d) There was sufficient data for the computation of odds ratios and corresponding 95% confidence intervals (ORs, 95% CIs). (e) If serial studies of the same population from the same group were reported, the latest study would be included. We assessed the methodological qualities of included studies by the description of title, author, year, country, ethnicity, source of sample, gene typing methods, the set of controls and cases, value of Hardy-Weinberg equilibrium (HWE), and factors of risk.
Data extraction
Two investigators (Miao Hu and Lianying Zhao) screened titles, abstracts and full texts independently using a standardized screening guide. Data extraction was carried out independently after the concealment of titles, authors, journals, supporting organizations and funds to avoid investigators' bias. After the data abstraction, discrepancies and differences were resolved by consultation and discussion.
Characteristics of the enrolled studies were assigned in the structured form (Table 1) , including first author's name, publication time, ethnicity, study country origin, SNP, genotyping method, total numbers of cases and controls and genotype frequencies of cases and controls.
The two investigators (Miao Hu and Lianying Zhao) checked the data extraction results and reached consensus on all of the data extracted. If different results were generated, they would check the data and have a discussion to come to an agreement. Two senior investigators (Surong Hu and Jingting Yang) would be invited to the discussion if disagreement still existed.
Quantitative Data Synthesis
For each study, the departure of frequencies of miR-146a rs2910164 and miR-499 rs3746444 polymorphisms from expectation under Hardy-Weinberg equilibrium (HWE) was assessed by x 2 test in controls. The strength of the association between miR146a rs2910164/miR-499 rs3746444 polymorphism and HCC risk was measured by odds ratios (ORs) with 95% confidence intervals (CIs).Pooled ORs were calculated for allele frequency comparison (miR-146a rs2910164: C versus G, miR-499 rs3746444: A versus G), additive model (miR-146a rs2910164: GC versus GG, CC versus GG, and miR-499 rs3746444: AG versus GG, AA versus GG),dominant model (miR-146a rs2910164: GC/CC versus GG, and miR-499 rs3746444: AA/ AG versus GG), and recessive model (miR-146a rs2910164: CC versus GC/GG, and miR-499 rs3746444: AA versus AG/ GG)respectively. The significance of pooled ORs was determined by Z-test (P,0.05 was considered statistically significant).
Statistical heterogeneity among the studies was checked by chisquare-based Q-test. A P value greater than 0.10 for Q-test indicates no significant heterogeneity existing among studies [16] , so that the pooled OR was estimated by the fixed-effects model, otherwise, if the heterogeneity was significant, the random-effects model would be employed. Sensitivity analysis was carried out by deleting one single study each time to examine the influence of individual data set on the pooled ORs. Publication bias of literatures was assessed using funnel plots and Egger's test. An asymmetric plot suggests a possible publication bias and the P value of Egger's test less than 0.05 was considered representative of statistically significant publication bias [17] .All of the statistical tests were performed with STATA software version 10.0 (STATA Corporation, College Station, TX, USA).
Results
Study Characteristics
A total of 136 articles were retrieved after the first search in PubMed, ScienceDirect, Cochrane Central Register of Controlled Trials, and CNKI databases. As shown in Figure 1 , after selection, 6 case-control studies fulfilled the inclusion criteria [9, 10, 11, 12, 13, 14, 15] . Characteristics of included studies are summarized in Table 1 . Among all of the included studies, a total of 6 studies [9, 10, 11, 12, 13, 14] involving 2071 cases and 2350 controls for miR-146a rs2910164 and 4 studies [10, 11, 12, 15] involving 667 cases and 1006 controls for miR-499 rs3746444 were ultimately analyzed in our meta-analysis. For miR-146a rs2910164, 5 studies [9, 10, 11, 12, 14] were carried out on Asian population (Chinese and Korean population), 1 study on Caucasian population [13] (Turkish population). As for miR-499 rs3746444, there were 3 studies [10, 11, 12] on Asians (Chinese and Korean population) and 1 study on Caucasian population [15] (Turkish population). All the studies included in our metaanalysis employed the same genotyping methods: polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), except the study of Zhang XW [14] . (PIRA-PCR). The distribution of genotypes in the controls was all in agreement with HWE. MOOSE checklist was generated to provide detailed description of this meta-analysis (data available when asked).
Meta-analysis of the Association between miR-146a rs2910164 Polymorphism and Susceptibility to HCC
The association between miR-146a rs2910164 polymorphism and susceptibility to HCC was analyzed in 6 independent studies with 2,071 cases and 2,350 controls. The result of this metaanalysis is shown in table 2. Q-test was used in all of the genetic models and showed no significant heterogeneity. Therefore, the pooled ORs were calculated using fixed-effects model. There is no significant association between miR-146a rs2910164 polymorphism and susceptibility to HCC , which could be identified in any of the genetic models (C versus G: OR = 0.94, 95% CI 0.862-1.028, P = 0.178; GC versus GG: OR = 0.977, 95% CI 0.827-1.154, P = 0.786; CC versus GG: OR = 0.874, 95% CI 0.726-1.053, P = 0.158; GC/CC versus GG: OR = 0.946, 95% CI 0.808-1.107, P = 0.486; CC versus GC/GG: OR = 0.909, 95% CI 0.797-1.036, P = 0.153).
In all the six studies included, five were conducted on Asian, one study on Caucasian. In the ethnicity subgroup analysis, no association was found to be statistically significant on Asian population in any genetic model (C versus G: OR = 0.931, 95% CI 0.850-1.020, P = 0.124; GC versus GG: OR = 0.941, 95% CI 0.784-1.129, P = 0.512; CC versus GG: OR = 0.871, 95% CI 0.719-1.054, P = 0.155; GC/CC versus GG: OR = 0.910, 95% CI 0.766-1.081, P = 0.284; CC versus GC/GG: OR = 0.909, 95% CI 0.796-1.038, P = 0.158) ( Table 2) .
Meta-analysis of the Association between miR-499 rs3746444 Polymorphism and Susceptibility to HCC 4 studies involving 667 cases and 1,006 controls were evaluated for the association between miR-196a2 rs11614913 polymorphism and HCC risk. Significant statistical heterogeneity was identified in the comparison of allele frequency, AA versus GG, Asian subgroup analysis of dominant model and the recessive model, so that random-effects model was used in these models, Fixedeffects model was used in other models. However, for rs3746444, none of the genetic models produced significant association between rs3746444 polymorphism and HCC risk ( Table 3 .
Similarly, subgroup analysis showed no significant association between SNP rs3746444 and susceptibility to (Table 3) .
Publication Bias
Funnel plot and Egger's test were performed to assess the publication bias of the literature (Figure 2 ). Symmetrical funnel plots were obtained in both of the SNPs tested in all of the models. Egger's test further confirmed the absence of publication bias in this meta-analysis (P,0.05). No evidence of publication bias was observed in any comparison model. 
Sensitivity Analysis
We deleted one single study from the overall pooled analysis each time to check the influence of the removed data set to the pooled ORs. No study was observed to change the homogeneity in heterozygote comparison.
Discussion
The research on microRNAs has provided us a new approach to understand the molecular mechanism of HCC and a new therapy to treat HCC [18] . As every miRNA molecule could have hundreds of target genes to modulate, even a single nucleotide mutation in miRNAs could have profound impacts on the expression of numerous genes including oncogenes and antioncogenes, they would finally influence individual's susceptibility to cancer [7] . Indeed, the rs3746444 SNP in miRNA-499 and rs291016 SNP in miRNA-146a have been reported to be associated with the susceptibility to squamous cell carcinoma of the head and neck [19] , and SNP in miRNA-146a contributes to the genetic predisposition to papillary thyroid carcinoma [20] .
Recently, numerous reports have revealed that SNPs in miRNA-coding region may be involved in the process of hepatocarcinogenesis and contribute to the development of HCC [9, 10, 11, 12, 13, 14, 21, 22] . The Association between Two SNPs in MiRNAs and HCC PLOS ONE | www.plosone.orgFor microRNA146a rs2910164 miR-146a rs2910164 is located in the stem region opposite to the mature miR-146a sequence. This C.G polymorphism results in a change from C: U pair to G: U mismatch in the stem structure of miR-146a precursor. Compared with C allele, The G allele gene could lead to more efficient inhibition of target genes including IL-1 receptor-associated kinase 1 (IRAK1), TNF receptor-associated factor 6 (TRAF6) and papillary thyroid carcinoma 1 gene (PTC1) [20] . Several case-control studies have investigated the association between miR-146a rs2910164 polymorphism and risks of various cancers [23, 24, 25] . Moreover, SNPs rs2910164 in miR-146a was thought to contribute to modified HCC risks [9, 10, 11, 12, 13, 14] , but the conclusions are controversial and dubious because of the limited sample size, potential selection bias, and other unsuspected reasons.
To study the relationship between the miR-146a rs2910164 polymorphism and HCC, we made a meta-analysis including 6 case-control studies with 2071 cases and 2350 controls. Our results did not support a genetic association between rs2910164 and susceptibility to HCC. Neither allele frequency nor genotype distribution was significantly associated with susceptibility to HCC.
Considering the potential relationship between the gene polymorphisms in different ethnic groups and the HCC risk, we further made the subgroup analysis on Asian population to explore the association between rs2910164 and the risk of HCC. As a result, no association was observed even in the same ethnic population.
Furthermore, deficiency of detailed but important information of both cases and controls such as virus infection, alcohol consumption, age and gender has inhibited us from exploring the relationships between rs2910164 polymorphism and HCC risk more thoroughly. Considering the important biological function of miR-146a in tumorigenesis [26, 27, 28] , the conclusion that miR146a rs2910164 polymorphism has no role in HCC development is premature due to limited number of studies included in this study.
For MicroRNA499 rs3746444
Another SNP shown to have potential relationship to the risk for HCC is rs3746444 in miR-499. miR-499 was reported to play a role of mediator in a wide spectrum of biological processes, such as cellular senescence, apoptosis, immune response, tumorigenesis and metastasis [29, 30, 31] .And more molecular epidemiological studies have investigated the association between the miR-499 rs3746444 polymorphism and cancer [29, 30] . Indeed, recent studies have investigated the association of miR-499 rs11614913 polymorphism with HCC risk [10, 11, 12, 15] , but the conclusions are inconsistent.
To study the relationship between the miR-499 rs3746444 polymorphism and HCC, we made a meta-analysis including 4 case-control studies with 667cases and 1006 controls. As a result, our study did not support a genetic association between rs3746444 and susceptibility to HCC. Neither allele frequency nor genotype distribution was significantly associated with susceptibility to HCC. Similar to the miR-146a rs2910164, subgroup analysis on Asian population also showed no association of miR-499 rs3746444 polymorphism with susceptibility to HCC. Sensitivity analysis found no significant influence of any single study on pooled ORs, which indicated the stability of this meta-analysis was acceptable.
Comparisons with other Meta-analyses
Firstly, although several meta-analyses have reported associations between these two SNPs and susceptibility to various cancers [32, 33, 34, 35, 36, 37, 38, 39] , most of these meta-analyses reported statistically significant associations between the two SNPs and susceptibility to cancer without pre-specified tissue origin, and they mainly focused on the clinical heterogeneity brought by inherent difference among cancers from various tissue origins, which would limit the reliability and accuracy of the conclusions about the relationship between miRNAs and HCC.
Secondly, for rs2910164 in microRNA146a, In Wang's study [40] , he studied the association between this SNP and HCC. But we found that he missed the study finished by Won Hee Kim [11] about the relationship between microRNA146a in Korean population and HCC. This would decrease the credibility and [32, 33, 34] , but one of them has not studied the association between this SNP and HCC [32] ;and for the others of them, several association studies with eligible data were left out in their subgroup analysis on HCC [33, 34] , this would reduce the reliability of their conclusions. We have not found any other research that focused on the relationship between SNP of miRNA-499 and susceptibility of HCC to date.
In our present meta-analysis, we finished comprehensive literature search in multiple databases as many as possible no matter what the publication languages, dates, ethnicities and other factors that would limit data collection are. Quantitative data synthesis were conducted in allele frequency, additive model, dominant model and recessive model and we found none of the SNPs was associated with the risk of HCC with more powerful evidence compared with previous similar meta-analyses.
Limitations
To the best of our knowledge, this is the first meta-analysis evaluating the potential association between two common polymorphisms rs2910164 in miR-146a and rs3746444 in miRNA-499 and susceptibility to HCC. However, limitations of this meta-analysis should be discussed as they may affect the interpretation of the results.
Firstly, the sample size is relatively small although we have searched as many eligible literatures as possible, larger sample size and multiple random-control tests are still needed to detect possible minor effects of miR-146a rs2910164 and rs3746444 in miRNA-499 polymorphisms on susceptibility to HCC.
Secondly, lack of available data prevented an adjustment for subgroup factors including alcohol consumption, age, and gender, etc. These factors may become potential determinants to influence the evaluation of the associations between SNPs and susceptibility to HCC by interacting with genetic factors.
Thirdly, there was no study on African population in the metaanalysis, and the study on Caucasian is not enough, limitation of the ethnic population enrolled makes the interpretation of the association between the two SNPs and susceptibility to HCC should be more cautious.
Finally, it has been generally accepted that HBV is one of the most important factors of HCC [4] , however, we could not carry out our stratified study analysis on HBV infection because of the limited data about HBV infection status including virus titer, the period of HBV infection and CHILD classification. Furthermore, there must be other latent factors which would have potential effects on the occurrence and development of HCC, but they have not been realized yet. Lack of this information has prevented us from exploring the relationship further. It should be acknowledged when interpreting the results of the meta-analysis.
In conclusion, this meta-analysis provides more evidence that miR-146a rs2910164 and miR-499 rs3746444 polymorphisms may not be associated with the risk of HCC, especially for Asian population. Well-designed studies with larger sample size and more ethnic groups are of great value to clarify these findings. Moreover, combination genetic variation together with factors such as HBV/HCV infection status, gender, age, and alcohol consumption exposures should also be considered in future. Begg's funnel plot for rs11614913(C versus G) . B. Begg's funnel plot for rs3746444 (A versus G). Log OR is plotted versus standard error of Log OR for each included study. Every circle dot represents a separate study for the indicated association by allele contrast. doi:10.1371/journal.pone.0057012.g002
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